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Fig.1 A,B,C,D Cell morphology of the thermotolerant 
yeast-like isolates after growth on YPD agar plates for 5 d 
at 25'C. Bar 10 pm. (A) RND13 of group A, <B) RND14 of 
group B, <C) RND17 of group C, <D) RND16 of group D. 
8 
Table I Number of yeast-like isolates obtained from water 
samples at the Rendaiji hot spring. 










































Table 2 A formula of yeast nitrogen base wlo amino acids (Difco), 
Chemicals Conc. 
Nitrogen source (g/L) 
(NH4)2S04 
Growth factors ( H9/L) 






Pyridoxine hydroch loride 
Riboflavin 
Thiamine hydrochloride 











MgS04 ' 7 H20 
NaCl 






















































































































































































































































S ~ S 45 o Q. E ~ 40 
35 
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RND8 RND12 RND13 RND18 RNDA2 RNDD4 RND14 RND17 
A 
RN  16 
LEJLLJL2J 
Yeast strains 
Fig. 2 Maximum fermentation temperature of 
yeast-like isolates on YPD Iiquid medium. RND8, 
12, 13, 14, 16, 17, 18 : yeasts obtained from the 
drainage at 40~C. RND A2, D4 : yeasts obtained 
from the drainage at 35.5~C. Morphological 






































RND8 RND12 RND 13 RND18 RNDA2 RNDD4 RND14 RND17 
A LE JLL J 
Yeast strains 
Fig. 3 Ethanol productivity of thermotolerant yeast-like 
isolates. For eight strains of thermotolerant yeasts, 
fermentation was carried out for 24 h at 40~C, 45~C, and 
50~C. For BSRI YB23-3 (brewer's yeast), fermentation 
was carried out for 120 h at 25~C. A dotted line across 
the figure shows the data of BSRI YB23-3. 

































































































































































































Table 4 Specific characteristics of the four yeast-Iike strains isolated from hot spring drainage. 
Growth was assessed by the method of Barnett et al. (1990]. Fermentation and growth were 
examined at 25~C. Symbols: + = positive, I = Iatent (rapidly devetoping a positive reaction after a lag), 
s = positive but slow, w = weak, ws = weak and stow, tw = tatent but weak, v = varfable response, - = 
neaative 
Fermentation : 
Carbon source Strains 






















Assimilation of carbon compounds : 
Carbon source Strains 
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27 
Table 4. (Continued) 
Assimilation of carbon compounds : 
Carbon source Strains 



















































Assimilation of nitrogen compounds : 
Nitrogen source Strains 
































Other Characteristics : 
Characterist ics Strains 










0.0196 Cyclohexymide growth 
0.1% Cyctohexymide growth 
Starch formation 
Acetic acid production 







































Table 5 Prototheca Isolation Medium (PIM). 
Chemicals Concentration (g/L) 










































Tabie 6 Characteristics of RND16for diagnosis ofthe genus. 
Characteristics Isolate RND 16 
Growth on Prototheca isolation medium (PIM)* 
Formation of autospores 
Resistance to rose bengal staining 
Oxygen requirement for growth 
Thiamine requirement for grouth 
Assimilation of ammonium chloride 
Budding cells 
Development of basidium 
Development of hyphae 







' Pore 1998 
Table 7 Characteristics of RND16 for identification in 
the genus Prototheca . For abbreviations see Table 4. 








Dauer cell < 8.5 p m 




- r ws 
+ 
- r w 
+ 
+ (16.0, 9.6)a 
v 
v 
* Values expressed as means of the major and minor axis 

















































































Torulaspora delbrueckii (CBS 1146) 
Torulaspora delbrueckii 
(MUCL 27816) 
Torulaspora globosa (NCYC 820) 
Zygosaccharomyces florentinus 
(CBS e47) 




Saccharomyces dairensis (NCYC 777) 
Saccharomyces castellii (CBS 4309) 
Kluyveromyces africanus 
(lFO I0897) 
Kluyveromyces vitico/a (CBS 6463) 
Kluyveromyces delphensis 
(NCYC 768) 
Candida glabrata (CBS 138) 
94 ISOlate RNDI 3 (This work) 
Candida maltosa 
(lAM 12247) 
Debaryomyces hansenii (MUCL 29826) 
Schizosaccharomyces pombe 
Fig. 5A A neighbor-joining tree resulting from analysis of 18S 
rDNA sequences of RND13 and related taxa. The numerals 
represent the bootstrap values (1000 replicates) when greater 












Candida albicans' (MUCL 29800) 
100 
Candida albicans~ (JCM 1 542) 
Candida albicans' (CBS 562) 
Candida albicans" (ATCC 1 8804) 
Isolate RNDI 7 
(This work) 






L od d erom yces 
Iongis p orus 
Debafyomyces hansenii 
Saccharomyces cerevisiae 
Sch jzosaccl]aromyc es pombe 
Fig. 5B A neighbor-joining tree resulting from analysis of 18S 
rDNA sequences of RND17 and related taxa. The numerals 
represent the bootstrap values (1000 replicates) when greater 



































Table 8 Results of BLAST similarity search. The 20 
sequences that showed highest homology to the rDNA of the 
strain RND16 are shown. 
S pecies Strain ldentity <'/.) 
















1 O. Planophila terrestris 
1 1 . Hormotilopsjs gelatjnosa 
1 2. Planophjla terrestris 
1 3. Micractinium pusillum 
1 4 . Muriella terres tris 
1 5. Prototheca wickerhamii 
16. Prototheca wickerhamii 
1 7. Djcloster acuatus 
1 8. Chlorella minutissima 
1 9. Chlorococcopsis minuta 






SAG 21 1 -9a 





SAG 263-1 1 
SAG 41 .98 
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Fig. 7A Time courses of changes in the ethanol 
and glucose concentrations during 
fermentation of 150/, glucose. RND16 was grown 
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Fig. 7B Time courses of chages in the ethanol 
productivities during fermentation of 1 5'/-
glucose. RND16 was grown on in PYN medium 
at 40~C. []: Derived from initial sugar, I : 
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Inoculum size (o/o) 
5 
Fig. 10A Relations between increasing 
inoculum size and ethanol production rate 
during fermentation of 15% glucose (O - 6 h). 
RND13 was grown on 15'/, glucose at 30~C 
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Inoculum size (ol.) 
5 
Fig. 10B Relations between increasing 
inoculum size and glucose consumption 
rate during fermentation of 150~6 glucose (O -
6 h). RND13 was grown on 15'/, glucose at 
30~C (1), 40~C ([]) and 43~C (lL). 
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IF RNDI 3 
Hlh Kyokai -
7g o u 
1 3 
Inoculum size (olo) 
5 
Fig. 16A Relations between increasing 
inoculum size and ethanol production rate 
during fermentation of 15% glucose (O - 6 h). 
RND13 (1 ) and 'Kyokai-7gou' <D) were grown 
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Inoculum size (o/.) 
5 
Fig. 16B Relations between increasing 
inoculum size and ethanol production rate 
during fermentation of 15% glucose (O - 6 h). 
RND13 (1) and 'Kyokai-7gou' (C]) were 
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Inoculum size (o/o) 
5 
Fig. 16C Relations between increasing 
inoculum size and ethanol production rate 
during fermentation of 15% glucose (O - 6 h). 
RNDI 3 (1 ) and 'Kyokai-7gou' ([1) were 
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-1- RNDI 3 
{r Kyokai-7gou 
I
O 10 20 30 
Time (h) 
4o 50 
Fig. 17 Time courses of changes in ethanol 
concentration during fermentation in molasses 
containing 230/0 total sugar (wlv). I : RND13, [] : 
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Fig. 1 8 Effect of temperature on the growth of two Prototheca 
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Fig. 23 Degradation ofn-alkanes (C14~C17) by P. zopfii RND16. 
(A) Before experiment, (B) After 10days of degradation by P. 
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Fig. 26 Effect of temperature on the maximum 
degradation rate (A) and on degree of decrease in the 
amount of oil affer growth on 1'/. (v/v) n -alkanes in YNB 
medium for 20 days (B). I : RND16, [] :RND16 
(weathering considered), e : ATCC 30253, O : ATCC 
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Forty-eight thermotolerant eukaryotic strains, with yeast-like morphology, were 
isolated from hot spring drainage at Rendaiji, Shimoda city, Shizuoka prefecture, 
Japan. The taxonomic, physiological and biochemical properties of four selected 
strains (RND13, 14, 17 and 16) were investigated. All ofthe four grew well on a liquid 
culture at temperatures up to 42-45'C, with maximum growih rates at 37'C or 35'C, 
whereas the maximum fermentation temperatures were higher, ranged 42-55'C. On 
the basis of physiological taxonomy, RNDI 3, 14, 17 and 16 were found to be 
Torulaspora delbrueckii, Dekkera sp., Candida albicans and yeast-like green 
micro-alga Prototheca zopfii var. hydrocarbonea, respectively. In the phylogenetic 
analyses based on the small-subunit rDNA (18S rDNA) sequences, RNDI 3 was 
closely related to Candida glabrata and Kluyveromyces delphensis, but was not 
directly grouped together with Torulaspora delbrueckii. The observed discrepancy 
between physiological･taxonomy and molecular phylogeny warrants further studies to 
clarify the taxonomic position of RNDI 3. In contrast, the phylogenetic positions of 
RNDI 7 and RNDI 6 supported the results of physiological taxonomy. 
In the next step, we have investigated the abilities of the thermotolerant strains to 
ferment 50/0 glucose to ethanol at elevated temperatures. Above all. RNDI 3 had 
higher ethanol productivity of 72.1 o/o at 40'C for 24 h than that of 57.00/0 obtained by 
brewers' yeast at 25'C for 120 h. Then, RND13 was evaluated for its ethanol 
producing ability at elevated temperatures at a high substrate concentration (1 5010 
(wlv) glucose) close to the level reWecting industrial practioe. RNDi 3 was capable of 
utilizing glucose almost completely at 40'C with increasing inoculum size, producing 
ethanol up to 6.60/･ (w/v) which was comparable to the levels (7.0 - 7.20/0) at 30 'C. 
The maximum rate of ethanol production by RND13 was found to be 9.0 (g/1 ･ h) at 
40'C in an inoculum sized 5"/o (w/v). At 43'C, however, RND13 could not utilize 
glucose to completion and showed a slight drop in the extent of produced ethanol 
1 03 
(6.00/0 (w/v)). Thus, the culture at 40'C with a 50/0 cell inoculum was considered to be 
the optimal condition for ethanol production at higher temperatures as far as the 
batch fermentation is concerned. 
Regarding the fermentative patfern of RND16 (P zopfil), it was found to produce an 
appreciable amount of ethanol and C02 from glucose under anoxic conditions at both 
25'C and 40'C; this type of alcohol fermentation has not yet been reported in the 
genus Prototheca. According to the results of fermentation in the presence of YNB 
(Difco, Yeast Nitrogen Base w/o amino acids), o-lactic acid, ethanol, C02 and a trace 
of acetic acid were produced from glucose, but L-lactic acid, formic acid and H2 Were 
not. At 25'C. D-Iactic acid and ethanol were produced in approximately equimolar 
proportions under N2/H21C02, whereas ethanol production was predominant under N2. 
At 40'C, an increase in ethanol production was observed when compared to 
production at 25'C, irrespective of the gas composition in the atmosphere. 
Furthermore, we have investigated the temperature prohle of RND16 during growth 
on n-alkanes (25-40'C). RND16 was able to degrade lo/o n-alkanes (C14-C17) at the 
temperatures up to 38'C and de~raded oils more rapidly at 30-35'C than at 25'C. 
This result differed from the previous finding that the temperature conditions above 
25'C did not allow P zopfiito grow on hydrooarbons. 
This is the first report on the isolation of thermotolerant yeasts from hot spring 
environment, capable of fermentation over 51'C, and on the Prototheca zoptti strain 
capable of ethanol fermentation and of growth on n-alkanes at elevated temperatures 
(30-38'C). 
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